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SUMMARY 

The feasibility of electromagnetically compensating for reflector surface 
distortions has been investigated. The performance characteristics (gain, side- 
lobe levels, etc.) of large communication antenna systems degrade as the reflec- 
tor surface distorts mainly due to thermal effects from a varying solar flux. 
The techniques descibed in this report can be used to maintain the design 
performance characteristics independently of thermal effects on the reflector 
surface. With the advent of monolithic microwave integrated circuits (MMIC), a 
greater flexibility in array-fed reflector system design can be achieved. MMIC 
arrays provides independent control o f  amplitude and phase for each of many 

istics (x,y,z, its first and second derivatives) under distortion condition are 
known. 

% 
% 
L: radiating elements of the feed array. It is assumed that the surface character- 

INTRODUCTION 

The feasibility of electromagnetically compensating for reflector surface 
distortions has been investigated. The performance characteristics (gain, side- 
lobe level, null location, beamwidth, etc.) of large communication antenna sys- 
tems degrade as the relfector surface distorts mainly due to thermal effects 
from a varying solar flux. The techniques described here can be used to main- 
tain the design performance characteristics independently of thermal effects on 
the reflector surface. It is assumed that the surface characteristics (x,y,z, 
its first and second derivatives) under distortion conditions are known. Sur- 
face error compensating techniques with an array feed are examined using an 
offset parabolic reflector geometry and a sinusoidal distortion profile. 

SURFACE ERROR COMPENSATION TECHNIQUES 

The goal of surface error compensation can be described as follows: given 
the desired antenna performance, feed array geometry, and a set of surface 
points describing the distorted reflector, it is required to determine the feed 
element excitations (amplitude/phase) that will give rise to the desired antenna 
performance (gain, sidelobe level, etc.). Basically there are two techniques 
for obtaining the feed array excitations, namely a transmitting technique 
(refs. 1 and 2 )  and a receiving technique (ref. 3). Graphical description of 
these two approaches are presented in figures 1 and 2 ,  respectively. 



I n  t h e  r e c e i v i n g  approach t h e  compensat ion  and c o n t r o l  o f  an tenna s i d e l o b e  
l e v e l  can be r e a l i z e d  by  p r o v i d i n g  a c o r r e c t  amount o f  t a p e r  t o  t h e  i ncoming  
p l a n e  wave. T h i s  approach has t h e  advantage of low s i d e l o b e s ,  however t h e  
d i r e c t i v i t y  i s  n o t  a maximum. Bu t  n e v e r t h e l e s s  i t  p r o v i d e s  a good d i r e c t i v e  
g a i n  ( w i t h i n  2 dB o f  I C F M ) .  On t h e  o t h e r  hand t h e  t r a n s m i t t i n g  approach p r o -  
v i d e s  t h e  h i g h e s t  d i r e c t i v i t y ,  b u t  a l s o  r e s u l t s  i n  h i g h  s i d e l o b e  l e v e l s .  Fur -  
t h e r ,  optimum d i r e c t i v i t y  can o n l y  be a c h i e v e d  by  a d j u s t i n g  t h e  i n d i v i d u a l  f e e d  
e lement  p a t t e r n  i n d i c e s  qE and qH. A b l o c k  d iag ram r e p r e s e n t a t i o n  o f  a r e c e i v -  
i n g  a l g o r i t h m  i s  p r e s e n t e d  i n  f i g u r e  3 .  One of t h e  s i g n i f i c a n t  f e a t u r e s  of  
t h i s  i m p l e m e n t a t i o n  i s  t h e  u n i q u e  a n a l y t i c a l  d e s c r i p t i o n  o f  t h e  d i s t o r t e d  
r e f l e c t o r  sur face . '  Many n u m e r i c a l  t e c h n i q u e s  ( p o l y n o m i a l  s p l i n e s ,  g l o b a l  and 
l o c a l )  f o r  i n t e r p o l a t i n g  r e f l e c t o r  s u r f a c e  p o i n t s  have been e x t e n s i v e l y  deve- 
l o p e d  i n  t h e  open l i t e r a t u r e  ( r e f .  4 ) .  These t e c h n i q u e s  f a i l  t o  r e p r e s e n t  t h e  
d i s t o r t e d  s u r f a c e  i n  an opt imum sense due t o  t h e  p o s s i b i l i t y  o f  an i n f i n i t e  
number o f  s o l u t i o n s  f o r  d e s c r i b i n g  t h e  s p e c i f i e d  s u r f a c e .  T h i s  a l o g r i t h m  
employs a method i n  wh ich  t h e  d i s c r e t e  s e t  of d i s t o r t e d  r e f l e c t o r  s u r f a c e  
p o i n t s  i s  b e s t  separa ted  i n t o  two components, a b e s t  f i t  p a r a b o l o i d  t o  d e s c r i b e  
t h e  u n d i s t o r t e d  s u r f a c e  component and a f o u r i e r  s e r i e s  expans ion  o f  t h e  r e s i d u -  
a l  s u r f a c e  error component. The s p a t i a l  spec t rum o f  t h e  s u r f a c e  error compo- 
n e n t  i n  a g i v e n  r e f l e c t o r  i s  u n i q u e .  C o r r e l a t i o n  between t h e s e  s p e c t r a l  compo- 
n e n t s  ( a m p l i t u d e  and f r e q u e n c y )  and t h e  compensat ing  a r r a y  geomet ry  can be 
e s t a b l i s h e d  ( r e f .  5 ) .  I t  i s  f u r t h e r  shown t h a t  t h e  f e e d  a r r a y  a r e a  r e q u i r e d  t o  
f u l l y  compensate f o r  t h e  su r face  e r r o r  i s  a f u n c t i o n  o f  t h e  maximum s p a t i a l  f r e -  
quency component and t h e  b e s t  f i t  p a r a b o l o i d  geomet ry .  

RESULTS 

The s u r f a c e  error compensat ion  t e c h n i q u e s  have been demons t ra ted  u s i n g  t h e  
r e f l e c t o r  geomet ry  and t h e  d i s t o r t i o n  p r o f i l e  shown i n  f i g u r e  4. F i g u r e s  5 and 
6 show t h e  u n d i s t o r t e d  and d i s t o r t e d  an tenna  p a t t e r n s  r e s p e c t i v e l y .  These 
cases assume a s i n g l e  feed a t  t h e  f o c a l  p o i n t .  Note t h a t  t h e  an tenna b o r e s i g h t  
d i r e c t i v i t y  has been reduced  t o  38 dB i n  t h e  d i s t o r t e d  case.  F i g u r e s  7 and 8 
show t h e  c o r r e s p o n d i n g  compensated p a t t e r n s  u s i n g  t h e  t r a n s m i t t i n g  approach 
( b e s t  d i r e c t i v i t y )  and r e c e i v i n g  approach ( l o w e s t  s i d e l o b e  l e v e l )  respec -  
t i v e l y .  The a r r a y  c o n f i g u r a t i o n  used f o r  b o t h  cases i s  d e p i c t e d  i n  f i g u r e  9 .  
The g a i n  has been r e c o v e r e d  w i t h i n  2 dB i n  b o t h  cases .  The s i d e l o b e  l e v e l s  
u s i n g  t h e  r e c e i v i n g  approach were lower by  3 t o  5 dB t h a n  t h e  ones p roduced  b y  
t h e  t r a n s m i t t i n g  approach as expec ted .  C o m p u t a t i o n a l l y  t h e  r e c e i v i n g  a l g o r i t h m  
was v e r y  f a s t  (20 m in  o f  C.P.U. t i m e  - I B M  370) as compared t o  t h e  t r a n s m i t t i n g  
a l o g o r i t h m  ( 1  h r  o f  C.P.U. t i m e  - I B M  370) .  Above r e s u l t s  i n d i c a t e  t h e  computa- 
t i o n a l  ease and b e t t e r  s i d e l o b e  l e v e l  c o n t r o l  i n  t h e  DCFM t e c h n i q u e  and perhaps  
suggests  i t s  a p p l i c a t i o n  i n  an a d a p t i v e  t y p e  of i m p l e m e n t a t i o n  i n v o l v i n g  l a r g e  
r e f l e c t o r  an tenna systems.  
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DESIRED BEAn DIRECTION 

FIGURE 1. - ILLUSTRATION OF INDIRECT CONJUGATE FIELD NATCHING 
(ICFM) TECHNIQUE. 

FIGURE 2. - ILLUSTRATION OF DIRECT CONJUGATE FIELD NATCHING 
(DCFM) TECHNIQUE. 
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FIGURE 4. - REFLECTOR ANTENNA GEWTRY AND DISTORTION PROFILE. 
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FIGURE 5 .  - UNDISTORTED ANTENNA PATTERN. 
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FIGURE 6. - DISTORTED ANTENNA PATTERN. 
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FIGURE 7. - COnPENSATED ANTENNA PATTERN BY ICFM. FIGURE 8. - COMPENSATED ANTENNA PATTERN BY DCFM. 
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FIGURE 9. - FEED ARRAY GEOMETRY. 
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